Root-knot nematodes (RKNs) are among the most economically important plant-parasitic nematodes parasitizing coffee (Coffea arabica) in the Americas, including Brazil. Meloidogyne izalcoensis is a parasite of coffee, which was first reported in El Salvador. Biochemically, the esterase phenotype is effective to differentiate M. izalcoensis from other species described from coffee. Two years ago, this nematode was detected in a sample containing coffee roots from the region of Indianópolis (Minas Gerais State, MG, Brazil). The esterase phenotype (Est I4, Rm: 0.86, 0.96, 1.24, 1.30) of this population supported the species identification of M. izalcoensis. To further confirm this identification, PCR (Polymerase Chain Reaction) using SCAR (Sequence Characterized Amplified Regions) primers amplified a specific fragment of expected size (e.g. 670 bp) typical of M. izalcoensis. Morphologically, this population was also identified as M. izalcoensis. In Minas Gerais, coffee plants were erradicated and soybean planted in the infested area. The root symptoms are completely different from other RKNs of coffee in Brazil. This is the first record of M. izalcoensis occurring on coffee in Brazil. Although the overall distribution of this species in Brazil is unknown, its occurrence on coffee would indicate a potentially important threat to the commercial cultivation of coffee, particularly in the state of Minas Gerais. This find resulted in the removal of the coffee plantation where this nematode was found.
Meloidogyne spp. are the most damaging plant-parasitic nematodes of coffee (Coffea arabica L.). Nineteen Meloidogyne spp. have been reported parasitizing coffee worldwide (Carneiro and Cofcewicz 2008) . Over the past 20 years, four new coffee-associated RKN species were described; of these, M. paranaensis Carneiro et al. 1996 ; M. izalcoensis Carneiro et al. 2005 and M. lopezi Humphreys-Pereira et al. 2014 were described from Brazil, El Salvador and Costa Rica, respectively. Additionally, Meloidogyne konaensis (Eisenback et al. 1994 ) was described as a species parasitizing coffee trees, but as recently demonstrated by Monteiro et al. (2016) , this nematode does not infect coffee plants; instead, the RKN species infecting coffee in Hawaii is M. paranaensis.
In Brazil, four main species of RKNs have been detected, including M. exigua Göldi, 1887, M. incognita (Kofoid & White, 1919 ) Chitwood, 1949 , M. paranaensis and M. coffeicola Lordello & Zamith, 1960 (Carneiro and Cofcewicz 2008 Ferraz 2008) . Meloidogyne exigua is widely distributed and adapted to several regions, especially Minas Gerais State (MG). As the major coffee-producing Brazilian state, MG is at risk from the introduction of more aggressive RKN species, such as M. paranaensis and M. incognita, which could lead to substantial yield loss (Ferraz 2008) . Meloidogyne izalcoensis is a parasite of coffee, first recorded in El Salvador and described by Carneiro et al. (2005) . The diagnosis of M. izalcoensis, however, is difficult due to the similarity of perennial pattern to that of M. incognita and M. paranaensis. Biochemically, the esterase (Est) phenotype is unique and can be used to differentiate M. izalcoensis from other described species of coffee (Carneiro and Cofcewicz 2008 Region) markers were also obtained for this species and allowed five parasitic species of coffee in the Americas to be differentiated: M. exigua, M. paranaensis, M. incognita, M. arabicida and M. izalcoensis (Correa et al. 2013) . Recently, M. izalcoensis was identified from samples originating from coffee in Kenya (Kabete) and Tanzania (Mufindi), and the same species was also detected from cabbage (Brassica sp.) originating from Benin (Cotonou), and from tomato (Solanum lycopersicum L.) and sweet pepper (Capsicum annum L.) in Tindini and Kianga, Tanzania, respectively (Jorge Júnior et al. 2016) .
In 2016, a sample containing galled coffee roots from the region of Indianópolis, (Minas Gerais State) was sent to Embrapa Cenargen (Brasilia, Federal District) and was directly inoculated on coffee plants cultivar Mundo Novo. Fieldinfected coffee plants in this region showed slightly chlorotic leaves in cv. Mundo Novo, and intense green leaves in cv. IAC 125 RN (resistant to M. exigua) growing in the same area. Roots of cv. Mundo Novo presented small galls and necroses, while no gall symptoms were observed in cv. IAC 125 RN.
The objective of this study was to identify this population of Meloidogyne sp., considering the atypical root symptoms in coffee roots, using esterase (Est) phenotyping, PCR SCAR markers and morphological characters.
To identify the species, females were extracted from roots and characterized using esterase phenotypes (Carneiro and Almeida 2001; Carneiro et al. 2005) . The remaining roots were used for egg extraction (Carneiro et al. 2004) . Total genomic DNA was extracted from 200 to 300 μL of nematode eggs using a regular phenol-chloroform extraction method as described by Randig et al. (2002) , and the PCR reactions were performed according to Correa et al. (2013) . For morphological and morphometric data we used the description methodology developed by Carneiro et al. (2005) .
The esterase phenotype (Est I4, Rm: 0.86, 0.96, 1.24, 1.30) allowed for the identification of M. izalcoensis (Fig. 1a ) (Carneiro et al. 2005) and also confirmed the purity of this population. To confirm the species identification, PCR using SCAR primers amplified a specific fragment of expected size (e.g. 670 bp) typical of M. izalcoensis (Fig. 1b) (Correa et al. (Correa et al. 2013) 2013). Species identity was further confirmed by morphological characteristics according to Carneiro et al. (2005) , demonstrating morphometrical data in the intervals described for M. izalcoensis. In this study, 30 individuals were considered. Female stylet is robust, 15.0-16.0 μm long, and with the DGO at 4.5-6.0 μm posterior to the knobs. Males have a high, round head cap continuous with the body contour, and the labial disc is fused with the medial lips to form an elongated structure. The head region is never marked by incomplete annulations. The stylet of males is robust, 23.0-26.0 μm long, and has rounded, backwardly sloping knobs, with the DGO located at 4.0-7.0 μm posteriorly. The stylet of second-stage juveniles is 12.0-13.0 μm long, and the DGO is located 3.0-4.0 μm posterior to the stylet basis; the tail is 45-48 μm long, conoid, with a rounded terminus.
To satisify Koch's postulate, coffee cv. Mundo Novo was grown in 5 L pots filled with a mixture (1:1) of autoclaved soil and Bioplant compost under greenhouse conditions. Three seedlings with six pairs of leaves were inoculated with 10,000 eggs of M. izalcoensis (isolate from Indianópolis, MG) extracted from infected coffee roots 'Mundo Novo', with 0.5% NaOCl according to Hussey and Barker (1973) , using a blender instead of manual shaking. Plants were maintained under greenhouse conditions at 25-30°C, with watering and fertilization as needed. Twelve months after inoculation, the root system was rinsed with tap water and weighed; then gall and egg-mass index (GI, EMI) were evaluated (Hartman and Sasser 1985) . Eggs were extracted as mentioned above, using 1% NaOCl and quantified under a light microscope using Peters' slides. The reproduction factor (RF) was calculated as RF = FP/IP, where FP = final nematode population and IP = initial nematode population (IP = 10,000).
Meloidogyne izalcoensis causes severe root destruction, frequently killing coffee trees in El Salvador (Carneiro et al. 2005) . In Brazil, coffee plants were eradicated from the farm in Indianópolis (18°53′ 52.84" S, 47°54′21.00" O, elev. 968 m) and soybean planted in the infested area. This species was detected first in Araguari, MG, using esterase phenotype (Est S4) on Momordica indica L., but the species remained unidentified (Carneiro 2014) . Coffee roots infected with M. izalcoensis produced relatively small galls with necrotic tissues at the ends of the roots (Fig. 2c) . Egg-masses were produced outside the roots in large quantities (Fig. 2b-d) . Each gall was characterized by a single female exposing an egg mass on the outside of the gall. No cracking of the root surface typically caused by M. paranaensis or M. incognita was observed. The galls caused by M. exigua are larger and may contain some small females inside, presenting egg masses also inside the root. The root symptoms caused by M. izalcoensis on coffee are completely different from those caused by M. paranaensis, M. incognita, M. arabicida and M. exigua (Campos and Villain 2005) , but identical to M. lopezi (Humphreys-Pereira et al. 2014 ). These two species, M. izalcoensis and M. lopezi (Est S4 and Est S2, respectively), were collected on different farms in the same area in El Salvador (Hernandez et al. 2004) . They were closely related in DNA analysis (Carneiro et al. 2004) . Recently, the phenotype SA2 was described as M. lopezi (Humphreys-Pereira et al. 2014 ) from coffee trees in southern Costa Rica.
In this greenhouse test, arabica coffee plants showed typical symptoms of M. izalcoensis (Fig. 2) . Symptoms were similar to those observed in the field. This population reproduced well in coffee plants, as shown by the nematode RF (56.6, CV = 25.4), IG = 5, EMI = 5. These results confirmed the pathogenicity of the Brazilian population of this species on susceptible 'Mundo Novo' coffee plants (Koch's postulates).
This is the first record of M. izalcoensis occurring on coffee in Brazil. Although the overall distribution of this species in Brazil is unknown, its occurrence on coffee would indicate a potentially important threat to the commercial cultivation of coffee, especially in the state of Minas Gerais. Considering this new information, priority must be given to accurate characterization of species from the different coffee growing areas. This information will be of considerable interest for the development of durable resistant varieties adapted to the coffee complex of RKN species detected in Brazil. The occurrence of this parasite in Brazil was notified to the Brazilian Ministry of Agriculture, letter n°214/2018/DSV -MAPA.
